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AN OVERVIEWOF AIRBORNERADIOACTIVEEMISSIONS
AT IOS ALAMOSNATIONALLABORA’IURY

F. A. (hevara,M.S. R. F. Dvorak,M.S.

--------------------- --------------------- ------- ------- --------------------

A5STRAC1’——
StrictcontrolIs essentialover any emissionsof radioactivityIn the

ventilationexhaustfrom facilitieswherevadloactlvematerialsmay become

airborne. At Los AlamosNationalLaboratorythereare 87 stacksexhausting

ventilationair to the environmentfrom operationswith a potentialfor

radioactiveemissions. Thesestackscoverthe diverseoperationsat all

Laboratoryfacilitieswhere radioactivematerialsare handledand require

continuoussampllng/monitoringto detectlevt=lsof contamination.An over-

view Is presentedof’the operations,associatedventilationexhaustclean

up systems,and analysisof the emissions. In lceepingwith the as-low-as-

reasonably-achievableconcept,emissionsof radlonucllclesare reduced

wheneverpracticable.A specificexampledescribingthe reductionof

emlsslonsfrom the linearaccelerator

MesonFhysicsFacilityduring1985by

1,spresented.

K,:.)~~nj~
.-~~ .

beam stoparea at the IAM Alsmos

a f’fictor of’ R over previousemissions

,

Nnlssinns,radlcmctivity,ventilation,exhaust,envirorxnent,ssmpllng,

monl.tortng,reduction
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ABSTRACT——
StrictcontrolIs essential over any emissionsof radioactivityIn the

ventilationexhaustfrom facilitieswhereradioactivematerialsmay become

airborne. At Los AlamosNationalIahoratorythereare 87 stacksexhausting

ventilationair to the environmentf~m operationswith a potentialfor

radioactiveemissions. Thesestackscoverthe diverseoperationsat all

laboratoryfacilitieswhere radioactivematerialsare handledand ;>equire

continuoussampllng/monitoringto detectievel.sof contminatlon. An over-

view 1s presentedof the operations, associatedventilationexhaustclean

up systems,and analysisof the emissions. In keepingwith the as-low-as-

reasonab’y-achlevahleconcept,emissionsof radtonucli(~esare reduced

wheneverpracticable.A specificexampledescrlhlngthe reductionof’

emissionsfromthe linearacceleratorbeam stopaieaat the lms Alemos

I’4mon”l%ysicsFacilityduringlq$~hy a factorof 8 over prev:iousemissions

1s presented.

.

lN’I’ROIXJCTION-—— .
Currently87 ventilationexhaustpointsat the Ixm AlarnosNntionalTabora-

t,oryhave fipotentialfor relea~lngradioactivelycontmnllnateilnlr to the

atmosphere.‘1’heeml,ssionor tracequar~tlttes[l!’alrhornenuclidesl’rcmthe

diverseresearchand cleveloImwntoperationsat Tns AlamosIs closely

controlledand monitoredin Accordancewith I%pirtmentof’F’rwrgy(NW)

orders (DOEl~fll)and I?nvi,rcmentalProtec%l,onA[?etwy(EPA)stwvl~rde(EPA

19H5)●

F’,A. (luevara,Stat’f’Member,RadiationProtection(lruup,and R. F. Dvorak,
StaffMember,AcceleratorHe~l.thProtectionGroup,!.m Ahrms Nattl.onnl.
Tdmratory,
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The air cleaningsystemsinstalledat bs Alsmosto controlcon-

taminationvary fromthe familiarbanksof High EfficiencyParticulateAir

(HEPA)filtersto custcxndesignedtritiumremovalsystemsand Includemcst

of the emissioncontrolsystemsccnmonlyused throughoutindustry. In this

papera summaryreportIs gl~wnof the potentialsourcesOr alrhorneradio-

activityat Los Alsmosand theircontrol,sampling,measurement,end docli-

mentation. An exampleof reducingemissionsIn adherenceto the conceptof

as-low-as-reasonably(ALARA)is present@. !Iheexampledescribesamalifl-

cattonmade at the beamstop areaof’the TOS AlsmosMeson PhysicsAcceler-

ator that resultedin a significantloweringof radioactiveemissionsfrom

this operation.

EMISSIONSAT THE LOS AMMOS NATIONALLABORATORY

‘IheLaboratoryis situatedin Los AlamosCounty,northcentralNew Mexico,

approximately60 ml (100Ian)NE of Albuquerque(Fig.1) and is operabedfor

the DOE by contractwith the Universityof California. Sinceits beginlng

In 1943the primarymissionhas been nuclearweaponsresearchand develop-

ment. lhe spectrumof programsincludesmagneticand inertialfusion,

nuclearf’lsslon,nuclearsafeguardsand security,and laser i90topesepara-

tion. HistoricallybasicresearchIn the areasof’physics,chemistry,and

engineeringto supportnationaldefenseprogram has alwayshem a ma,jor

part of the LaboratorylsefV.orts.Trladdttl,onthe T.ahoratoryis assigned

researchon peaceful.uses of nl!clearenevgyincludingspace appl.icatlcms,
\

pmer reactorpro~ec%, radl.ohtology,medlclne,and rarlioactl.vewaste

management. Most of theseprogrsnx~Involvethe handllngof mlclear

materials and thus thereis a signl,fl,cantpotentialfor the emtsslonof’

alrt]orneradtonuclldesto the envl.ronment.

(Figure1. Tocattonof 10S AlarmsNatl.onalTabormtory.)

~ring operationsin 1W6 ernissi;msof’rarli,onucllteswere

routinelymonitoredfrom87 ventllattonexhaustpointsat the Tahoratory.

Thesepointsare locatedthroughthe varioust,echntcalareaswhere radio-

activematerial.sare handledwithinthe 43 squarernilcsencompassingthe

Laboratory.Mltig~tlrlgagainstthe consequences

quantitiesof radionuclidesfrcmthe operational
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populationof the area and the mountainousterrainwhichprovidesgocd air

dispersion.Withina 50wdle (ROkm) radiusof LOS Alamosa populationof

only 170,000is estimated. The meteorologicalfrequencyof atmospheric

stability,an esttiateof the dispersioncapabilityof the atmosphere,at

Los Alamosis approx~ately 40%unstable(gooddispersal),35% neutral

(fairdispersal), and 25% stable(poordispersal),(IosAlamos1985).

Ehlsslonsof radioactivityIntothe atmosphereat Los Ahnos

duringcalendaryear 1’M6are llstedIn Table 1. ‘Iheseemissionsreflect

the diversenatureof the operationsat Los Alsmos. ‘Ihestrictcontrol

requiredto hold theseemissionsto acceptablelevelsInvolveswrious

measuresthatare discussedin the followingsections.

(Table1. PrlnclpalRadioactivity19nisslonsfrom bs AlamosNational

Laboratoryduring1986.)

RNGINEERFJ3CCNI’ROLSYSTEMS.— ——
OrderDOE 6430GeneralDesignCriteria(DOE1985)requiresadequateverrtl-

latlonexhaustcleanup systemshe Installedto control.emissionsto

m-low-as-reasonably-achlevnhle(AIJIRA)levels. Federalregulations(EPA

l~R5)requf.rethat c~~~nair act standardshe observed. Table 2 liststhe

EPA standardsthat EOE facilitiesmust observe. Th2seare new standards

t-,}latwere ~mpo:j(x~on IX?T?facilitiesin 1W5 and EPA has the resPcnsfh~lltY
\

for theirenforcement.The prtncl.pal.;30urcesof emisst.msand the air

cl.eanl.ngcontrolsprovidedfor themat Los Alamosare describedbe?.ow.

(Tal>le2. EPA Air TOnissiorrStandardsfor DOE Facilities10 ProtectAny— -—-.
Memberof’the F’lihlicfromA1.rborneRadiationFxposure.)

Plllt,c,mtlun.While plutoniumeml:>sionsare perceivedau the greatestalr-.-.—— —.
bornehazard~romoperationsat [OS Alsmostheydo not presentthe most

dirficu~tcontrol.problem. The ~1.rcleaningtechniquesthathave heen

develo~>da,~dpracticedsincethe Inceptiond’ plutoniumprocessingduring

hhe WorldWar 11 yearsnave provedto he highlyefflclent. Thesetech-

nique involveth~’properp’lficementof single,double,or triplestagesor

IiighRf~iciencyParticulateAir (HEPA)ft,lkersIn the ventlltitionexhaust
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rlOwpaths. In additionthe finalexhaustblowerscustomarilydischarge

the air througha tall stackthatmay ra,~efrom 20 ft (6.1m) to 200 ft

(6Im). At DOE facilitieswhereplutoniumprocessesinvolvelargeindus-

trialquantitiesthe finalexhaustfiltersmay Includelargebeds of sand

or fiberglass. Los AlamosquantitiesInvolvesmallerscale researchand

developmentamountsaiidHEPA filterswithoutfinalsand or fiberglass

filterbedshave provedsuffl.clent.~gure 2 depictsa typicalHEPA filter

ventilationexhaustsystemfor J~boratoryoperations,HEPA filterremoval

efficienciesare mlnlmalfor partlculatesof a sizeof the orderof 0.1 to

0.3micrometersActivityMedianAerodynamicDlsmeter(AMAD). Standamlsfor

the use of HEPA filtrationrequirethatthe filterefficiencybe In-place

testedand that the particulateremovalefficiencybe no less than 99.97%

~or C).smicrometersizeparticles(J3urchsted1976).

(Figure2. TypicalLos AlamosVentIlatlonFxhaustSystem.)

lhe variousfacilitiesat LOS Alamoswhere plutoniumis handled

are all providedwith HEPA filterhanksexceptfor one operationwhere

filterhags of 95% removalefficiencyare used. 7XISoperationIs the

maJorsourceof plutoniumemissionsfromLos Alamosbut Is wellbelow

llmltingradiationconcentrationguides (RCC)valuesat the site boundary.

Fhtsslons?rom Its stackat CMR BuildingWing 7 measuredthe highestcon-

centrationof pllltoniumfromall laboratoryprocessesduring 1986and are

oalc~llatedto be approximately0.0:{%of the R(XIfor soluhl.eformpluton;urn

I.nthe unrestrictedarea (6 x 10-1’1Ci/m7). J?ecausetheseemissionsresult

{n such a small,f’ractlonof themost restrictiveRCfl(solubleform),It is

tilff’ic~~l,ton a cost benefitbasisto reql]l.riethat~:>pel~siveHEPA filtershe

lnstrll,lt;~lto redwe emissionshrtlwro In 10R? it WRS esttmatedthat it,

woIIlrj Cost fivemilliondollarsto add a hankof HEPA ftltersto reducethe

l’missionshy anotherfactorof qQ.Q77(MooPe198~4).

lJranlum.‘lheHEPA filtrationmethodstha~were describedf’orplutoniumare—— .—.
also npplledto the controlof emissionsof uraniumto the atmosphereat

!LMJAlamos. The c~peratlonsthathandleuraniummaterialswere drastically

235(Jprocesfiingoperationsat TechnicalArea (TA)21reducedwhen the maJor’
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were discontinuedin June 1984. Uraniumemissionsfrcm this sourcehave

not reducedto zeroprtiarllybecausethe contaminatedductworkfor ventl.-

lationexhaustfromthe area has not been replaced. It Is expectedthat

thissourceof emissionswillhe eliminatedIn the futureby replacementof

the contaminatedducts.

Mlx~ FissionProducts. Analysisof small

mens Includingreactorfueland diagnostic

quantitiesof irradiatedspeci-

samples,leadsto the possi-

bilityof mixed fissionproduct(MFP)emissionsfrom the laboratories

Involved. HEPA filtrationonlyat the gloveboxair exhaustpointhas

providedeffectivecontroleven In the casewherethe maxim emissionsof

MFP occur. !lhemaxlmumemissionsourceis aventllationexhauststackat

the radiochemistrylaboratoryat TA-48.

MixedActivationPrnducts. The mixed act~vatlonproductsare producedfrom

operationof the Los AlarrrosMesonphysicsFacility(LAMPF)protonlinear

accelerator.Thissourceof radlonucll.deshas provento he the one with

the greatestpotentialfor exceedingEPA standardsat Los Alamos. The

problemhas been recognizedover the past few yearsand studiesof remedial.

actlorlresultedin modificationsto reduceemissionsto ALARAlevels. A

more detail.eddescriptionof thisef’fortis givenlater.

Radioiodine(1311), The onlydetectablesollrcefor emissionsof this

isotopeat Tas AlarmsIs the ChemistryMetallurgyResearch(CMR)13uildl&

hot celloperationwhere irradiatedfuelpin specimensai”edissolvedand

analyzed, lhe quantityof 1311thatbecomesairborneIs extreme].ysmall

and no absorptionsystemis requiredfor removal. The maJor radionucllde

1311therefore}H?PAin the contaminatedair exhaustedIs plutoniumand not

filtrationis the

chlsoperation.

&lK!Q* ‘lhereare

One sourceis the

IAMPFaccelerator

cleanup systemthat Is provldeclfor the exhaustair from

two significantsourcesof
1/~
Ar emissionsat IrjsAlsmos.

actlvatlor~productsgeneratedIn the tmm stop at the

and the otheris also an activationproductfromopera-

tionof the LOS AlamosQnegaWest researchreactor, ‘lhelJIMPFemlnslons

are discussedlaterand the 41Ar from the reactoroperationis discussed

L



here. ‘Ihe(lnegaWest reactor~.san 8 megawatthomogeneouswater-cooled

tank-typereactor. It servesas a researchtool In provldlnga sourceor

neutronsfor fundamentalstudiesIn nuclearphysics. ‘Thecomponentsof the

reactorIncludea 6-footdiameter“thermalcolumn”(so calledbecauseits

purposeIs to reducethe energyof fissionneutronsto that of the charcoal

blocksthatmake up the column). Air thatIs ventedfrom this colunnto

the atmosphereis the only sourceof emissionsthat containsdetectable

activityduringroutineoperationof the reactor. ‘Iheactivityhas been

identifiedas 41Ar, a neutronactivationproductof the normal4oArpresent

in air. Any otherairborneactivityin the ef~luentIs at minimallevels

not discerniblefromnaturalbackground. Fj.gure3 showsthe componentsof

the reactorand Its ventilationexhaust.

(Figure3. ClnegaWest ReactorVentilationExhaust.)

Phosphorus.‘l’heHealthResearchLaboratory(HRL)at Los Alamosusesmllll-

gram quantitiesof 32P in Its biologyresearchprograms. ‘Iheemisslonaof

this Isotopeare almostnegligiblebut are detectedand reported. HEPA

filtrationof the ventilationa~.rexhaustedfrom the Laboratoryhoods is

providedbecausetherehave beentjmes in the pastwhen tracequantitiesof
239

Pu were also handledIn theseHRL laboratories.

Trltlum. The nationaldefenseresearchprogramsat Tos Alamosrequire—.
handlingslgnlflcfmtquantitiesof trj.tlum.~sion energyresearchpro;

gramsalso requirehandllngtrltlumbdt In lesserquantities. The major

tritlumhandling~acllltyat IAN Alamcsreleaseslargeamountsof tritlum

to the atmosphere. lhring1986approximately6,700Cl were releasedfrom

routineoperationsat this remotelylocatedf’actl.l.ty.Ewing operatms

the ventilationexhaustfromthis area Is exhausteddl.rectlyto the atmos-

phere. The bulk of the trltiumemittedIs in the formc~felementalgas

whichwouldrequireexpensivecatalystenhancedoxidationfor removal.

Thereforeexceptfor abnormaloccurrencesthe ventilationair frcmthe

facilityis exhausteddirectiyto the atmosphere. However,if concentra-

tion llmltsare exceeded,the alr Is exhaustedthroughan Environmental.

~mntrolSystem(ECS). me TICSconsistsof a platinumcatalystbed that

7



converts3H2 gas to 3H20. The 3H20 Is absorbedon a molecularsieveas a

controlon emissionsto the envlrcmnent.This faclll.tyhas been In opera-

tionovermany yearsand is now slatedfor replacement.The tritlurn

emissioncontroltechnologyof the replacementfacilitywill be basedon

experiencegainedIn the TritiumSystemsTestAssembly(TSTA)that Is a

relativelynew researchfacilityf’orhandlingtrltlumat Los Alsmos(LA

1’X32). The primaryobjectivesof the TSTA are to demonstratethe fuel

cyclefor fusionpower systems. The TSTAprovidesa facilitywhere3olu-

tionsczuibe developedfor the problemspresentedby largetritlumhandling

systms at f’uturefusionfacilities.The pointof interestIn thisdis-

cussionIs the develo~ent of a technologyfor the safe handlingof trltium

with no major releases. The basicschemeconsistsof utlllz~ngstate-of-

-the-arttechnologyfor convertinghydrogengas to waterwhich Is then

removedby soliddessfcants.‘IheIncorporationof automaticfeaturesto

deploycleanup systemson demandat presetconcentrationlevelsand the

radioactivityof trltlurnare the distinguishingfeaturesthat extendthe

technologybeyondthat of ordinaryhydrogen. It Is expectedthat the

experiencegainedin the TST’Awill be of benefitin maintainingemlsslons

to ALARAlevelsin facilitieswhere largequantitiesof trltlumwill be

handled.

lXTrFC’t’IONANJ)lXXXIMEN’TATIONOF EMISSIONS——
The Los Alamos NationalIahoratoryhas a progrsmIn place to complywlt~

Its responslhilltyto protectthe public,worker,and environmentfrom

exposllreto radioactivityf’romIts operations.The programInvolves

collection,analysis, and documentationof data cm

).ic~${rlty.

‘ThroughoutIts historythe Laboratoryhss

on Its effluentsand theireffects. Currentlythe

all.releasesof radio-

malntalnedsurveillance

EnvironmentalStlrveil-

I.ante Group,HSE-8,Is responsiblef’ormeasuringany radioactivityIn the

environsof’the operations.As part or this@f’fortthe (h-oupmaintalns

rneteorologi~al stations to determinedlrectlonand dispersalof airborne

contaminants.It also maintainsnetworksof thermoluminescentdoslmeters

(!IY,D)and alr samplingstationsto verifythe effectivenessof’engineered

harriersand controlsat the operatingfacility. This group issuesan

8



annualreporton Its surveillanceactivities(LA 1985). ~is report

Includesthe site boundarydosescalculatedfrom theirTT.Dnetwork,and the

stackemlsslonsdata describedbelow.

‘IheLaboratoryradiationprotectiongroups,HSE-1,HSE-10,and

HSE-11have the responsibilityof maintainingstate-f-the-artcontinuous

samplecollectionor monitoringsystemsfor airborneradioactivityIn the

workplaceand in the ventilationexhaustsystems. GroupHSE-1al-sooper-

ates a HealthFhyslcsAnalysisLaboratory(HPAL)whereone of the tasks Is

the weeklyanalysisof ventilationexhauststreamsamples. ‘IheH?AL

receivesall the particulatefiberglassdiscsand iodinecollection

charcoalfilters!or analysis. The 2-1/8Inchfilterpaperdiscsused to

collectpartlculatesare countedfor grossalphaor grossbeta. The grvss

alphacountingis done usinga computerizedzinc sulfidedetectorphoto-

multipliertube systemthat can handleup to 128 ssmplessimultaneouslyand

whichautanatlcallycompensatesfor the backgroundradtatlonmeasured

daily. “l’hegrossbeta countingis done In a differentcomputerizedsystem

usinga gas flow proportionalcounter,and tle gsrmnacountingis doneusing

a high resolutiongemlum lithium(Ge-Li)drlf’teddetectorsystemwhose

outputis connectedto a multichannelanalyzerto identl~ythe pulse

heightenergysignaturesof the variousIsotopes. The charcoalfiltersare

analyzedusinga NaI scintillationcounterexceptfor the LAMPFsamples.

The LAMPFfilterpaperdiscsand charcoalcartridgesare subjectedto toe

high resolutionGe-Tilgamma spectroscopyfor identificationof the

radionuclldesshownin Table3. QA proceduresat the HPAT,include

requirementsfor NBS traceabilityof Its sourcesused for calibration.The

tI. T sy,?fm at the I-TAT 8!*I=I mportwl in the~~,t.a~lc~~ ;b,~~~mputerl.xedc~!.in.nb

literature(Vaslllk19?8).

(Table3. Particulate or Vapor ProductIsotopesDetectedin LAMPFStack——
ReleasesEwing 1986.)

GroupHSJ?-1also maintainsa data base for emissionsand publishes

monthlyand annual reports of’ the emissionsof raclionucll.desf’romall

sources. Figure4 is a diagramthat tracesthe flow of emissiondata from

Its sourcesto Its publishedforms. me principalf’eaturesof the Los

Alamosprogrsmfor measuringemissionsare describedbelow.

9



(Figure4. 13nlssiondata recordsmanagement.)

ParticulateRadloactivlty

As has beenpreviouslydescribedparticulateafrborneradioactivityIs

generatedfrom thoseoperationswhere plutonlum,uranium,phosphorousor

mixed fissionproductsare handled. All particulatesamplfngfor these

operationsIs accomplishedby drawinga sampleof stiackeffluentthrougha

fixedcollectorsystemcontaininga 2-1/8inchdiameterfiltermediadisc

of fiberglasscomposition.Thesediscsare collectedweeklyfor snalysls

at the HPAL. !he systemincludesa weatherizedenclosure,a positive

displacementair pump connectedto a one horsepowerelectrlcmotor,a

float-typerotometer,and a thermostaticallycontrolledmuffinfan. Sample

flw ratesare maintainedat 2 or 3 CFM (0.94or 1.42L/s) as measuredby

the rotameter.The flowmeter is calibratedquarterlywith a standardized

venturigagewhose calibrationIs traceableto the NationalBureauof

Standards. The errorof

Figure5 Is a simplified

(Mgure 5. .Samplerunit

the sampl~ngflowrate is estimatedto bet 1!57.

diagramof the samplerunits.

components.)

‘lhesamplingmethodologypractlccdIs basedon IX)I?guliiance(J.P.

Corley1983)and the standardsfor instrumentationfor monitoringradioa-

ctivity In effluents(ANSI1974)and samplingatrhorneradioactive ~

materials(ANSI1969). For examplethe ssmpl.ir,gpoint is selecteda.sclose

as practicalto the releasesourceand, with very few exceptions,~ minimum

of’fiveductdiametersdowrlstresmof any transition that couldcausea flow

anomol.y.In moat caseseven thoughHEPA filtersare upstreamof the

samplingpointan attemptis made to attainisokinetlcsampllng. ‘Ibis

Involvessizingthe sampleprobecrosssectionalarea so that the fixed2

or 3 CFM (1 to 1.5 1./s)sarrrpllngrate resultsIn equal linearvelocl.t~esIn

the ductand In the s&unpllngprobe. IsokinetlcsamplingIs Importantfor

samplingairbornepartlculateswhose AMADexceeds5 micrometersand at las

Alamosthatconditionwouldexistonlyat the very few placeswhereHEPA

Filtersare not pi~ovld~d.



‘lheventilationsxhaustair Is typicallyreleasedto the environ-

ment via a tall stack. An importantparameterto calculatethe total

emissionfrcm the aliquotsampledIs the valueof the totalvolumeof air

that Is exhaustedduringthe samplingperiod. ‘Ihestackflow ratesare

establishedusinga twelvepointtraverseusinga standanlpilottube and

an electronicdigitalmicronancmeter(EEM). !IheEINlis calibratedagainst

an l.nclinedgagem~~ometerIn orderto verifyits accuracy. The measure-

mentssatisfythe gtandardEPA method 1 requirementsfor accuracy(EPA

1984)and are estimatedaccurateto ~ 20%.

Iodine

Only one exhauststreamat Los Alamoscontainsdetectablesmountsof radlo-

Iod?.nes.TtIlsstackat CMR EulldingWing 9 Is sampledwith activated

charcoalcannlstersplaceddownstresn~of particulatefilters. The charcoal

ca.’tridgt?sare collectedon the sameweeklyscheduleas the particulate

filters,and are takento the HPALfor analysiswith a

detector.

Ar or)
+-
Ar is

Reactor

r,lonl,tcr

through

monitoredcontinuouslyon a real.ttiehaslsat

e:<hauststackhy usinga commercial,beta-ganm

(CAM). A 2 CFM (0.~4Its)sampleof the stack

a movingbelt typeparticulatefilterwhich 1s

NaI scintlllat?.on

the ClnegaWest

eontlnuouc,air

flow is drawn

countedI,rlthe \
IIetecticmchar;:berof the CAM. A NaT scintillationdetectormecsul)esthe

d.1.sir)tegratlon or the 41Ar, The 4]Ar actlvit,yIn countoper secondIs

slmultaneollslydisplayedon an analogmeteron the CAM and al~o remotelyin

the reactcrcontrolroomwherethe co’.mtsare recorfled.A CS-177test

sourceis used to calibratethe CAM on e qlvirherlybasis,

‘lkltlum-.—
Concentrationsof elementaltrl.ti[m&as in air exhaustedto the environment

are measuredcontinuollslyusingreal-timemeam~rementsw.lthtritiummont-

torseithermanufacturedcurum:~)clallyor nuiltIn-houseat las Alamos.

I?!chof thesemonitcnvutilizesa flow-throughionizationcharnherwith

vollrmesrangingf~wn 0,1 to 57 liters,depending

seneltlvity,md flow rates. Flowratesthrough

cm the requiredrange,

the I.onizntl.onchambers
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.
rangefrom0.03 - 3 CFM (0.85- 85 L/mlndependingon the chambersize.

The ionizationchambersare coupledto electrometersfar measuringthe

chargeaccumulation.The electrometersare eitherintegratingcr non-

integrating.Eitherelectrometermeasuresthe tritlumeffluentconcentra-

tions,but the Integratingelectrcmtersalsodisplaythe totalcharge

coilecteddl~rln.gthe monitoringinterval. Stripchartrecordersare used

to producehardcopyrecordsof normaltritlumemissionsto the atmosphere

and to evaluateabnormalemissionquantities. Instrumentsused to measure

tritiim emissionsto

able standards.

A different

the atmosphereare caliht’ated

analyticalmethodIs required

thathas combinedwith watervapor, Passivestack

routinelyto NBS trace-

for measuringtritium

monitorsare used for

tl~ecollectionof tritiatedwatervaporentrainedin the ventilationair

that is exhallsted.‘ihesepassivemonitorsemployglycolbubblersIn series

with a heatedpreciousmetaicatcly~tand additionalglycolbubblers. me

trltlumcollectedIn the bubblersIs measuredby liquidscintillation

counting.

Mixed Activation Products.———.- .—— —

lhe principalradionucliilesfmmed fromprotonand neutronreactionsin the

[AMPFttirgetcell and beam stoparea are gaseousformsof the isotopesof

oxyfisn,carbon,nitro~en,and tirgongReal timemonitoringof the emlsstons

of theseradlonucllclesto the atmosphereis accomplishedusl.nga 5 Ilte;

l.onlzationchamber. A sampleflowrate throughthe cbsmherIs maintained

‘~t3 (H7M(1.42l)/s)usinga float-typerotameteras dsscrlhedpreviously

f’rythe

current

I’lllcll.(h?

partlclllates.

An electrometeriflused to tntegratethe accumulatedchamber

durlnRthe monitor’lnginterval. The concentrationof each radlo-

i~ calou]atedbasedon Its Saotoplcf’ractlon,the total.integrated

chargeend the flow rate throughthe chamber, ‘he isotopicfraction1s

determinedby a spectralanalysis. ‘Ittereductionof’the emissionof

}{aseousactivationproductsproducedfromLAMPFacceleratoroperationis

dl.scus!’mclbelow.



REDUCTIONOF EMISSIONSFROM LAMPFACCET,~~R Operations

‘IheLAMPFfacilityconsistsof a llnearprotonacceleratorapprox~mately

0.5ml (800m) long,designedto producean 800+nilllonelectronvolt

protonbesmwith an averagebeamcurrelhof one milliampere.‘he energetic

protonsare used to strikea targetto producesubnuclearparticlescalie.1

pi mesons,whichare of majorimportanceto studiesof the Fundamental

structureof the nucleus. Pi mesonsare believedto be the ~’gluettthat

holdsatomicnucleitogether. A consequenceof the beam impingingon the

targetIs the generationof activationproductsfromthe interactionof the

energeticprotonswith the materialsIn the targetarea. Protonstrans-

mittedthroughthe targetare dissipatedon strikinga water cooledcopper

beam stop. Figure6 showsa cross-sectionalviewof this area. Activation

productsare alsogeneratedwithinthisbeam stoparea by interactionswith

leadshieldingblocks, copperand ambientair, The activatedair f’rc+nthe

beam stoparea spaceis exhaustedthrougha singlestageof H.EPAfiltersto

the atmospherevia a 60’ft (18m) stack,

TAMPFtargetand beam stopare~.

The radlonuclldesemittedfromthe T,AMPFoperationccvera wide

rwge. Protonactivationproductsof the normalisotopesof the ambient

;llrmnke Il\lnenrly100%of the eml.ssionsand consistprincipal.lyof ‘41Ar

nr]dShulstliveclisotopesof oxygen,carbon,and nitrogenns shownin Table

II● ‘l,heprotoninteractl~mswith the copperand leadpresentin the hmm

r~topareageneratea relativelyInsignificantbut detectableamountof’

particlllateml vmor activatl.onproducts, Most of’theseprod~lctsare

(jxtrcmc)~y Hl)opt Iive(l nucli(lcs withhnlt’-llvesrangingfromflever~lm~n~lt~?~

or



From the beginningof beam operationsat LAMPFthe problemof

emissionsof the radlonuclldesformedhas been recognized.As the goal of

fullbeampmerwas more closelyreachedeach year the,emissions

Increased.‘theIncreaseof theseemissionsand the muasurestakento

reducethemare describedbelow.

Descriptionof LAMPFEinissionControlTechnology

Air flowingto the LAMPFstackis passedthrougha single~tageof HEPA

filtrationto removeparticulate. ‘Ihereis no technologyIn placeto

removeradionuclidesIn gae or vaporf’romthe air stream. Areaswherethe

air activationproductsare producedare continuouslyventilated,producing

a slightnegativepressureto overcomeconnectiveleakageof the radio-

activeproductsIntoexperimentalareas. ‘IhIsunfortunately81s0trans-

portsthe radionuclldesto the stack. me to the shorthalf-livesof some

of the activationproductsformed,some reductionin the radionucllde

releaseis obtainedby decaydue to holdupas the air flowsfrom the

variouseourcesto the stack. ‘M extento.fthe reductionwill dependon

the radl.onuclifies.In the caseof’oxygen-15(t 1/2 = ?,~min), the holdup

couldreducethe releasesignificantly.In the caseof Tritlum(t 1/2 =

1?.3yr) and J3eryllium-7(t 1/2 = 53.3d)the holdupwou].dhavemsentl.ally

no ef!’ecton the releases, Figure7 showsa block Wqzpunof the existing

TAMPFventll.ationexhaustsystem,

\

(Flalre7, BlockDiagrmnof’the lAMPFVentilationRxllnustSystem,)—

~~qchargeRatP_History

The releaseof air actlvatlunpt’olluctsf’romthe T)AMPFtnal.r~stmck IMFJ

lncrensedin recentyearsml progranmmticMctivitlesand beam lrltonsl,tles

troveincreased, I’)lschargerutesfromthl~stackare ~~hownin Tphle 5. ‘Me

uverage concentrations of’ the radionuclides:I,nthe air aro also shownin

‘1’able5, ‘therarli,onucll,deoemittedf’romthe TJAMPFbeamdid not presenta

~ignif’icantradiationdoseuntilabout 198(1when the CII1OUUJM boundary

do~e to a hypothetical individualexomled 10ml,ll.lrem wholo bodydose



equivalentfor the firsttime. !lhecalculateddose assumesa hypothetical

individualis presentcontinuously24 hoursa day, 365 days a year at the

site boundarywhere the highestdose occurs. As Is shcxfnin the tablethis

boundarydose peakedIn 1983,remainedhigh in 1984,and droppedconsider-

ably in 1985. In 1986the nllghtincreaseover 1985is difficultto

ascribepreciselyto correspondinglysmallchangesIn the meteorology,

background,and Isotopesemitted. A parameterthatbetterillustratesthe

reductionseffectedby modificationsto the beam stop sourceis the ratio

of curiesemittedto beamenergy(amp-hr), Easedon the curiesemittedand

the Ci/amp-hrratiothe 1984emissionswere at theirworstand have been

ef’fectlvelyreducedby a factorof approximately8, both In 1985and 198~.

(Table5. Hlstorlcal

Coursesof Action—--
A permanentcormnittee

JXta for LAMPFJ3nlssions.)

was formedat LAMPFseveralyearsago to reviewthe

stackemissionsproblem, We objectiveof the committeewas to evaluate

~Jossi.blemethodnfor reducingthfireleaseof airbormeradioactivematerial.

The firstremedialmeasureundertakenwas the repairof leaksin the

coolingwatersystem, Radiatl.ondwmge in the Isotopeproduction/bearnstop

regionto the coolinglinesresultedin leakswhich sprayedweterthrough

regionsof high protonand nelltronintensityand also high temperat~lre.

I?esldespkclng u heavyburdenon the wat’wmakeupsystem,the resulting

r’adlo~cttvewater vaporaddedto the radioactivestackemissions. Repatr8

to the watersystemresultedin 172,(,00Curie~/amp-hrdischargeIn 1!182

comparedwith 291,000Curies/amp-hrIn 1971. Unfortunately,seriousIefiks

reappearedin the nextyears. lhe firstcontrolpr~rmlpl.efor accelerator

omissionslearnedfromthf~expertenoewas to preventthe prod~]titionof

rndiormcllrles throug})the ellrninntl,onof’leak~from the watercooling

:+ystem,qhls requiresa oontinualmaint.enanwef’f’ort$

‘me next reductionpossibilityconnlderedwas to introduceR delay

oytstern for tho ventilation air exhaustierlfromthe besm stop area. TYIe

Iurgeair flow to the LAMPFmain stink,npproxim~tely17,000cfYI (480

m3/ml,n) makes it verydifflmlt and expen~ivet~ utill.m~ny existing



technologyto removethe gasems activationproductsfrom the air strem.

One realisticapproachwouldbe to provideadditionalholduptime to allow

sunedecayof’the short livedradionuclldes,as Indicatedpreviously.

Extremelylargeair storagevolumeswouldbe requiredto obtainsignificant

reductionsIn the radlonuclidereleases. Fbr example,If an atmospheric

pressureair storageaystemhavlnga storagevolumeof 328,000ft~ (9300

m3) were applledto the air flowingto the LAMPFstack,the additional

holduptimeprovidedwouldbe about 19.4minutes. With thisholduptlrne,

the followingreductionsIn specificradlonuclldeemissionsshowniriTable

6 wouldbe obtained. ‘IhIsIs basedon the acceleratorprogranrnatlcactivi-

tiesof CY 1981. As a resultof the Increasedtlrneavailablefor decay

beforerelease,totalmissions from the stackwouldbe reducedfrom about

489,000C1/yrto about 102,000Ci/yrat the 1981 levelof progranrnatic

activities.

(Table6, Reductionof 1981SpecificNuclidcsby Increasedl?ecqyTime.)——

Tne air storagetankcouldbe of carbonsteelconstructionark

locatedon e concretepad adjacentto the LAMFFstack. A tankwith a

storagevolumeof 328,000ftq (~300mq) wouldbe 98.L ft (30M) In diameter

by nbout G3.3ft (13.2m) hQh. A blockdi.s.gramof the systemIs shownIn

FigureR,

\

(~’igure~. LAMPVVent~latl.onSystemwith StorageTank.)

7he estimated capitalCOS~ for an atmosphericpressureair storage

system,with a ~toragevolumeof 328,000f’tq(9300m3), wan $~1,300,000

(1qR3 doll,~rs). The estlmatefloperatingt)ostwns $q[~,fKN1/yf*.The capital

ccmt of air storage:,ysternsof varyingfll.zewould vary approximatelyM the

~~ght-tenthspowerof the size ratio. Annualoperatingc(mtswouldbe

~lmost indqxnxlentof the ~ifieratl.o.The high coatof ~nlsapproach

precludedfurtherconsiderate-m (Moore1984),

Of variousotherpossibilitiesconsidered the one impler,wnted was

to Mol,atethe generatingareaby enclosingit in a steelbox approximately

~)f’tx 5 ft x 15 f’tor 175 ftq (12m3), ‘Ihlswould allowthe radionucllden



to decay In place. ‘IhIsconceptcwplementeda plan to rebuildthe region

In questionto make acceleratorcomponentsmore accessibleto repairand

s,lmpllfychangingof experimentaltargetsused to study radiationdamage.

Sincethe enclosurerequireda certainnumberof penetrationsthatcould

not be completelysealed,it was necessaryto introducea controllable

smallamountof ventilationto reducediffusionof the radioactivegases

Intoexperimentalareas. ‘IhIsentiremlti-benefitprojectwas achievedin

early 1985at a much lowercostof approximately$2,000,000comparedto the

$~1,300,000for the largestoragevolume. The resultwas an Imnecllate

decreaseIn emissionsby a factorof 8 basedon the Ci/amp-hrratio.

Obv?.ously,the most expensivesolutionmay not be the best solut~onl In

this Instancewe were able to effecta straightforwardmodificationthat

Integratedeasilywith otherdevelopmentalplansfor the facility. In

doingso, the sourcearea becamelesscoupledto the ventilationair

sxhaustand the relativelyshort-livedradlonuclldeswere trappedfor an

It?tervalof timesignificantto permitdecay. AnotherlessonIs

illustratedhere - Isolatethe activitythat is generated.

An additionalmeasuretakenwas Important,Withinthis box-likestructure,

whereverpossible,air cavitieswere filledwith steel. ‘Ihls~S the ~l[ltil.

and most elementarylesson. Preventgenerationof the offendingradlo-

nucllcles,

Anotherchmge contributingto reductionof’emissionsshouldb:

rioted.In the originalconstructionof’the beam stop region,a large

mnountof.leadwas utilizedas shielding, As designbeam currentswere

approached,the temperaturesincre~sedto the pointwhere some lead

nc!hial,l,y melted, ‘Ihealchemistsdreamwns finallyrealized, Slgnlf’lmnt

mrnuntsof radioactivetsotopesof gold,platinum,irl.dl.um}mercuryand

nnttmonynppearedin the stackef’fluent,Tt was reallzedthat these

Isotopeswere unimpededby the HEPA fi]~ers,but couldbe collectedwith

charcoal,cartridges, For this case,the solutionwas to removemost of the

offendinglead,ratherthan investIn an ex~ensivevaporcl.eam.psystem,

me lemon le~irnedin rwluc.1.ngthe emissionsfrom operation

[JIMPII’ accel.erntoriri\:hatcorrectionof’designananolte~1S the hcst

17
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tion to the problem. In our case,eliminationof water

provisionof containmentto trap the air for additional

leaksand lead,and

decayof radlo-

nuclidesprovedmore effectivethan installation,operation,and mainte-

nanceof costlyair cleaningor largescalesystems. The desiredresult

was achieved, The boundarydose levelsof 48 and 44 mrem/ydeterminedfrcm

‘iLDmeasurementsfor 1983and

25 mrem/yby an amplemargin.

mined by the same methodwere

Table 5.

CONCLUSION

1984were reducedbelcwthe EPA Standardof

In 1985and 1986the boundarydosesdeter-

11 and 17 mrem/yrespectivelyas seen in

The Los Alsmos?iatlonal~boratory programto detect,measure,control,and

documentemissionsfromIts operationsIs reviewedannuallyfor QA consid-

erationsand for incorporationof resultsIn the DOE FffluentInformation

system. ‘IheHealthand SafetyDlvialonat the Laboratoryhas the responsi-

bliltyfor ensuringthat standardsare maintainedso that the emission

quantitiesare ALARAand reportedas accuratelyas the currentstate-of-

the-artpermits, As has beendiscussed,senpl~.ngpracticesare basedon

ANSI standards,flowmetercalibrationsare traceableto NBS standards,

duct flowmeasurementsmeet EPA criteria,and radiationdetectortest

sourcesare also NBS traceable.

The introductionof EPA requirementsin 1985for the controlof’

airborneradtonuclldesdid not presentany difficultiesfor Los Alamos

operations.‘I’henew annualEPA limitingdose of 25 rnrem/yat the site

boundaryfromLos AlamcnNationalIAoratory operationshas beenexceeded

only twice. Roth annualemissionsoccurredbeforethe new standardswere

promulgatedand were the resultof IAMPFacceleratoroperations.A con-

tinuedefforthas rssultedin emissionsat levelswell below the EPA

r)tandard,
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TABLE 1

PrincipalRadioactivityFk&3slonsf’rom
Ios AlsnosNationalTaborator,yduring1986

Radioactivity

Plutonlum(238w)a

Uranium(235U+ 238u)b

MixedFissionProducts

MixedActlvlatlonProductsc

Iodine-131

Argon-41

Phosphorus-?2

~!rltlum

sourceOperation(s)

D3fensePrograms

EefenseProgram

IrradiatedSampleAnalysis

LA.MPFAccelerator

IrradiatedSampleAnalysis

ResearchFlsslonReactor

l?iol.o[;l~al. Research

DefensePrograms

] 086

Total
Curies

2.07 x 10-4

8.44x lf)-4

2.57 X 10:3

1.12x 105

?elf?ox 10+
2.76x 102

6.Qqx 10-5

1.07x 1(+’

—.— —

c rinclpa,llyair activationproducts‘7N, 16N, 10C, 1% 140, 150,and
4yAr.
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TABLE 2

EPA Air RnlssionStandardsfor IX3EFacllltles
to ProtectAny Memberof the Public
from AirborneRadiationExposure

PrimarySt3ndards:

WholeE?odyDose ~ulvalent

CriticalOrgan

AlternativeStandardsa:

Effecti’~edose equivalent

for continuousexposure

FTfectl,ve (10s(? !eqllivaleflt,

for non-continuous exposure

25 mrem/y

75 mrem/y

< 100mrem/y

%hese effective dose equivalents are for all sourcesand all pathwaysbut

excludenaturalbackgroundand medicalproceduresand are providedas an

optior~for those Installationsthat exceed25 mrem/yfrom airborne

emissionsbut can demonstratethrough,an exhancedsurveillanceprogramthat

theydo not exceedthe alternativestwdards.



Tmrx 3

Particulateor Vapor ProductIsotopesDetected
in LAMPFStackReleases~rlng 1.986

Isotope

BE-7

NA-22

NA-24

SC-44M

SC-46

SC-47

V-48

C!i-‘i1.

MN-52

MN-54

CO-56

CO-57

.-—

Microcurles
Mshcarged

8.!38x lo~
5.24 x 101

4.99x 1(-)3

6.64x 101

4.69X 10°

8.27 x 101

‘9.70Y 101

5.()?x 1[)’

1.25x 102

1.01x 101

2.16 x 1(-P

9.85 x 101
——. ~

Isotope

CO-58

CO-60

F?R-77

m-m

TA-1R2

0s-18?

0s-185

TH-!8~

HG-195M

HG-197M

HG-203

.— —.

—..

Microcuries
Discharged

Q*16x 100
4.63X 10°
8.12X 102
?.?? x 104
4.44x lo~

9.J4 x 1(-?

1.71x 102

3.30 x 102

——

IUI’AL Mlcrocurles I.lYZ + 05
-——.— —. —— —. —.
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Radlo-
rtucl Ide

3H

41Ar
10C

1lC

140

150

13N

N]6
———

TAME 4

GaseousActlvatlonPrduct Einlsslonsfrcm
the LAMPFMain Stackfor CY 1986

Half
Life
(s)

3.87x 10R

6.59X 103

1.95x 101

1.22x Ioq

?.09x 101

1..23x -lop

5.98x 102

y.~11x 1(-)O

.- —.-

Concen-
Rnlsslon tratl
(cl/Y)

T(Clim-)

6.07X 10°

3.36X 102

6.72X 102

3.92X 104

5.rox 1(-)2

4.7nx 104

2.(-)8x 101”

7.76x d
.—-—- —.

3.12 x 10-8

1.72 X 10-6

3.45 x 10-6

2.01 x 10-4

2.87 X 10
-6

-14
2.41 x In

1.07x 10-4

1.7? x 10
-4

—..— —-.

2 x 10-7

4X1O -8

3x 10-8

3 x 10-8

~xlr)-8

q x 1O-R

3 x 1.0-R

?Xln
-R

Concen-
tration
RCG

1.6 X 10-1

4.3 x 101

1.1 x 102

6.7 x ln~

9.6 x 1(+

1

R.o x 1(1~

3.6 x 1#

5.7 x l.!+

. ——.

(a) Concentrationat stack. There is a dispersionfactorof 111,400to the
siteboundary.

(b)RadiationconcentrationGuidesin Table 11 of OrderME 5480.1Chaptei”
XI for the ullcontroll.edarea.
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19$0

1981

1982

19H3

1984

1985

19136

-—

TABLE5

Hlstor~cal D3ta for MMPF lhlss~ons

Curies

202,0(-)0

489,000

348,000

641,000

734,00f1

126,900

111,6oo

—. .-—...—-

Cl/amp-h,(a)

178,000

291,000

172,000

343,000

377,000

46,500

4?,800

.—— -.——- —.

FOundary(h)

12.3

17.0

12.0

4R.O

44.0

10.7

16.8

— -.—— --— -—

lYse/kCi(c)

.061

.035

.0?4 .

.074

.060

.084

.150

—-- --

aRatesof Cl emittedto amp-hrof’beamenergy.

‘Cal. c~ll.nted millrem whohs body dose equtval,ent. to hypothetl.cal. I.ndlvlrh]al
assured at the s Ite hol Iniiary.

c
Rat10 of dose to radioactivityemitted&t the siteboundary.



.

Principal
Nuclides

1lC

13N

150

141
Ar

—

TABLE 6

Red~l”tlonof 1981SpecificNuclides
by IncreasedDecayTime

$ storage(a) F~ulvalent Release(h)
of Incremental Decontamination Without
Total Half Lives Fhctor Storage

36 0.95 1.94 175,(-)00

7 1.94 3.81 34,200

56.7 9.56 753.0 27’?,300

0.3 0.18 1.13 1,500

TOtiil, IIHC),()()(7

Release(c)
With

Storage

~1,ooo

9,000

3’/0

1,300
.——

101,670
.- .————.—-. —

(a)Tank vol.me of’ %28,000 f%> (~~(11 m’) provides ackil.tl.onal decay t:lmc
(:qlllval.ent to 11.stwl ha] f 11.ves for speclflc nllcl.ide.

(b)Cl releasedduring 1981LAMPFOperation.

(c)Cireleaseestimatedfor 1981T.AMPFOperationIf storagetan had been
Installed.
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Figure1. Lacationof Los AlamosNationalLaboratory.

Figure 2. TypicalTJOSAlamcmVentilationExhaustSystem.

Figure3. ClnegaWest ReactorVentilationFxhaust,

Figure4. Eln~aslon Data Records Management.

Figure5. Sampler Unit Oanponenta.

Figure 6. UU4PF‘Mrget and Mm Stop Area.

Figure7. Mock Magram of the LAMPFVentilation System.

Figure 8. L4MPFVentllatlon System with Storage Tank.


